We investigate differences in patients' length of stay between National Health Service (NHS) public hospitals, public treatment centres and private treatment centres that provide elective (non-emergency) hip replacement to publicly-funded patients. We find that private treatment centres and public treatment centres have on average respectively 40% and 18% shorter length of stay compared to NHS public hospitals, even after controlling for differences in age, gender, number and type of diagnosis, deprivation and geographical variation. We therefore interpret such differences as due to efficiency as opposed to selection (treatment of less complex cases). Quantile regression suggests that the proportionate differences between different provider types are larger at the higher conditional quantiles of length of stay compared to the lower ones.
Introduction
The hospital sector has lagged behind other sectors of the economy in moving toward greater specialisation (Essletzbichler, 2003) but is beginning to catch up. The number of orthopaedic, cardiac or general surgery specialist hospitals in the United States increased from 29 in 1990 29 in to 91 in 2005 29 in (Shactman, 2005 Schneider et al., 2008) after which the government imposed a moratorium on further development, concerned primarily that hospitals were specialising merely on the most profitable procedures (Shactman, 2005) . In contrast the English government has been actively encouraging the creation of both public and private treatment centres that specialise in a limited set of elective procedures, such as hip and knee replacements or cataract removals.
In this study we assess whether provision of care in specialised treatment centres is more efficient than in the more traditional hospital setting. Efficiencies in treatment centres may derive from economies of scale, whereby the unit cost of treatment falls as volume increases, and from specialisation, where it is cheaper to concentrate on providing a limited set of activities, rather than a diverse range of services (Schneider et al., 2008) . We also investigate the relative efficiency of private and public provision, the expectation being that private providers have stronger incentive to contain costs and behave more efficiently. Efficiency is examined by comparing differences in length of stay among public hospitals, and public and private treatment centres.
Differences in length of stay may be indicative not of efficiency but patient selection.
Selection may be due to diverse causes. First, private providers may 'cherry pick' less severe cases within any reimbursement category to boost profits (Shactman, 2005) . In contrast, even if public providers are able to retain surpluses, these must be reinvested, so the absence of external claimants to surpluses places them under less pressure to engage in selection of less costly patients. Second, treatment centres tend to be less well equipped than hospitals, making them less suited to provide complex care. For this reason treatment centres usually apply exclusion criteria (Mason et al., 2008) . Third, hospitals tend to be more prestigious and attract highly-specialised doctors with the skills to treat more complex cases. As these factors may lead to differences in patient complexity across organisations, it is important to account for the possibility in evaluating relative efficiency.
We contribute to the extensive literature which investigates differences in behaviour between types of providers. Efficiency studies tend to find either that public providers are more efficient or that differences are not related to ownership. 1 A clear relationship between ownership type and quality of care has yet to be established.
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The paper is organized as follows. Section 2 provides the econometric specification.
Section 3 describes the data. Section 4 discusses the results. Section 5 concludes.
Econometric specification
The purpose of this study is to investigate differences in patients' length of stay (defined with LOS), between types of provider.
3 Our linear regression model is:
1 Herr (2008) finds that in Germany public hospitals are more efficient than private and non-profit hospitals. Farsi and Filippini (2008) in Switzerland find no significant differences between public, forprofit and no-profit hospitals. Marini et al. (2008) investigate the change in England of hospital status from 'public hospital' to 'Foundation Trust', a status which confers more financial independence and less monitoring and find that the new status had limited impact on behaviour. Barbetta, Turati and Zago (2007) find that the mean efficiency of public and non-profit hospitals converged after the introduction of the DRG system in Italy. In his review of 317 published papers on frontier efficiency measurement, Hollingsworth concluded that public hospitals tend to be more efficient than their private counterparts (Hollingsworth, 2008) . 2 In Taiwan, Lien et al. (2008) find that non-profit hospitals provide care of a higher quality than forprofit hospitals. In contrast, Jensen, Webster and Witt (2009) find that in Australia private hospitals have lower readmission and mortality associated with acute myocardial infarction. However, in her study of French hospitals, Milcent (2005) finds that differences in mortality rates are not significantly different once severity is taken into account. Similarly, in their meta-analysis of US hospitals, Eggleston et al. (2008) find that whether for-profit hospitals provide lower or higher quality depends on the context (region, data source and period). Conclusions may have also be specific to the procedure under consideration: a study in England found that private treatment centres offer better outcomes for cataract surgery and hip replacement, whereas the public sector achieves better outcomes for hernia repair (Browne et al., 2008 reduces, then part of the differences in LOS can be attributed to differences in the characteristics of patients being treated (ie to selection).
Since the distribution of LOS is skewed we use the log transformation of LOS as the dependent variable. We estimate equation 1 using OLS. To identify the differential impact of type of provider along the conditional distribution of length of stay we apply quantile regression.
Data
We use data from the Hospital Episode Statistics (HES) in year 2006/7. HES comprises individual patient records about everyone whose care was funded by the English National Health Service (NHS). We focus on those patients who received a cemented or uncemented primary hip replacement (HRG H80 or H81 for every secondary diagnosis, and HES records up to 11 secondary diagnoses for each patient, we also control for the number of additional diagnoses (for which we don't have an individual diagnosis dummy) using a dummy variable specification.
We control for the number of procedures for each patient in the same way. The average per-patient number of diagnoses and procedures is larger in public hospitals (2.8, 2.3) than in public treatment centres (2.5, 2.2) or private treatment centres (1.1,
1.5).
We control for two characteristics of hospitals which may influence LOS: Foundation Trusts, and teaching status. The government has granted Foundation Trusts greater 4 All public providers routinely provide HES data for every inpatient and day case patient they treat. Private treatment centres are contractually obliged to submit HES data for the NHS funded patients they treat.
financial independence than other public hospitals giving them a stronger incentive to contain costs. Teaching hospitals may have longer LOS because of sicker patients, higher quality of care and more time spent with patients for teaching purposes. We also control for the income deprivation of the population served by each provider and for the region in which the provider is located.
5 Table 1 provides the descriptive statistics. Hospitals have the longest LOS (7.5 days)
followed by public treatment centres (5.9 days) and private treatment centres (4.5 days). Patients are on average one year younger in hospitals. The proportion of female patients is 62% in hospitals, 64% in public treatment centres and 59% in private treatment centres. There is a higher proportion of uncemented hip prosthesis (HRG H81) in public treatment centres (48%) than in hospitals (29%) or private treatment centres (11%). Current NICE guidance favours cemented hip prosthesis as being lower cost and more viable in the long-term (NICE, 2000) . for individual secondary diagnoses show the presence of hypertension has no effect on LOS, whereas diabetes and asthma increase LOS by about 4% and 7%
respectively. Patients with higher number of additional secondary diagnoses have substantially longer LOS: patients with 3 additional diagnoses have 17% longer LOS. Table 3 and Figure 1 provide quantile regression results. The specification is similar to the model in column (4) in Table 2 (in terms of variable choice). To allow quantile regression models to converge we simplify the specification of dummy variables for diagnoses to include only the most common ten diagnoses for primary and secondary diagnoses. The results suggest that the proportionate difference between public hospitals, public treatment centres and private treatment centres are larger at the higher conditional quantiles of LOS and smaller at the lower quantiles. Public treatment centres have 26% shorter LOS compared to public hospitals at the 90% quantile, falling to 9% at the 10% quantile. Similarly, private treatment centres have 52% shorter LOS compared to public hospitals at the 90% quantile, reducing to 35%
at the 10% quantile. Figure 1 plots the effect of provider type on LOS over the five quantiles. 
Concluding remarks
In contrast to the United States, government policy in England has been to encourage delivery of care to NHS patients in specialised treatment centres rather than in traditional hospital settings. This policy has been subject to criticism, particularly pertaining to the role that the private sector has played (House of Commons Health Committee, 2006; Pollock and Godden, 2008; Mason et al., 2010; Street et al., 2010) .
Despite these criticisms, though, the evidence presented here demonstrates that the length of stay for people having a hip replacement is lower in treatment centres than in hospitals and that this is not due to the different characteristics of patients in these settings.
Treatment centres are able to deliver care more efficiently than hospitals because of their ability to benefit from: specialisation; economies of scale in the production of a limited set of procedures; avoiding the disruption that hospitals face by having to reschedule elective work to accommodate patients requiring emergency care (Royal
College of Surgeons, 2007).
We also find length of stay is lower in private treatment centres than in their public counterparts. This may be because they have a greater incentive than public providers to restrain costs. It will be important to ensure that these lower lengths of stay do not come at the expense of reduced outcomes, though early evidence for these patients is reassuring (Browne et al., 2008 
